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Summary: Kolaviron (Kol-v) is a mixture of bioflavonoid from the seed of Garcinia kola, and has been previously shown 

to inhibit neuro-inflammation in Lipopolysaccharide (LPS)-activated BV-2 microglia. In this study, we investigated 

neuroprotective effects of Kol-v in LPS-induced memory impairment in Wistar rat. Wistar rats (225-250) g were used in this 

study. Memory impairment was induced with the systematic administration of 250µg/mg LPS. The effect of Kol-v on 

cognition and learning processes were assessed using the behavioral responses in the Morris water maze model; Effects of 

LPS on bodily activities were assessed by biochemical assays before and after treatment. Intra-peritoneal administration of 

LPS reduced the core body temperature, cognitive and locomotor process. Kol-v ameliorated the effect LPS on the core body 

temperature by restoring it back to normal, and significantly improved the cognitive and learning processes. Kol-v 

significantly increased the level of SOD and CAT and reduction in the levels of NO, GSH, and MDA.  Kolaviron showed 

significant anti-inflammatory potentials through its protection against cognitive decline and oxidative properties induced by 

lipopolysaccharide in the laboratory Wistar rat.  
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INTRODUCTION 
 

Cognition involves processes in the brain that includes the 

ability to learn, remember, and make judgments. When 

cognition is impaired, it generates great impact on an 

individual’s overall health and well-being. Cognitive 

decline ranges from mild cognitive impairment to dementia, 

a form of diminution in capabilities severe enough to 

meddle with daily life activity. Several pathophysiological 

mechanisms have been suggested to contribute to neuronal 

damage in many neurodegenerative disorders. One of the 

most investigated mechanisms in these conditions is glia-

dependent neuro-inflammatory mechanisms, which also 

include astrocytes, the complement system, as well as 

cytokines and chemokines (Van et al., 2016). Cognitive 

impairment leads to trouble in remembering, learning new 

things, concentrating, or making decisions that affect 

everyday life which leads to reduction in quality of life and 

is related to neurodegenerative disorders. However, there is 

a correlation between these diseases and oxidative stress. 

Recent studies have also established the genetic risk factors 

in the role of inflammation in memory and learning deficits, 

since disorders like Alzheimer’s disease are connected with 

increased levels of pro-inflammatory cytokines combined 

with decreased levels of anti-inflammatory cytokines 

(Barrientos et al., 2009).  

 Oxidative stress is a pathophysiological mechanism that 

is closely associated with neurodegenerative disorders. It 

can be defined as an imbalance between reactive oxygen 

(ROS) and nitrogen species (RNS) and attenuated 

antioxidant defenses. The increased oxidative activities such 

as generation of superoxide anion (O2-) and hydrogen 

peroxide (H2O2), and subsequently reactive oxygen species 

(ROS) can result in neuronal oxidative damage (Sorce et al., 

2017). 

 Kol-v is a mixture of three compounds - Garcinia 

biflavonoid GB1, GB2 and Kola flavanone (Iwu et al, 1990). 

Bi-flavonoids are the most abundant compounds in 

Garcinia kola a popular West African edible seed, while the 

kola flavones are the major components of Kol-v. Garcinia 

biflavonoids have been attributed to their ability to scavenge 

free radicals, induce detoxification, inhibit stress response 

proteins and interfere with DNA binding activities of some 

transcription factors. A number of studies have reported that 

Kol-v exhibited antioxidant anti-inflammatory activity in 

vivo and in vitro (Abarikwu 2014; Farombi et al.; 2009 

Olaleye et al., 2010).   

 Indications about the ability of Kol-v to protect neurons 

from damage were reported in studies involving 

neurotoxicity induced with environmental chemicals 

including atrazine (Abarikwu et al., 2011), vanadium (Igado 

et al., 2012) and sodium azide (Olajide et al., 2015). It has 

been reported earlier that Kol-v inhibits neuroinflammation 

and microglia-mediated neurotoxicity through mechanisms 

involving Nrf2/ARE antioxidant pathway (Onasanwo et al., 

2016). The anti-inflammatory and anti-oxidative potentials 

of Kol-v are yet to be properly explored in laboratory 

rodents induced with lipopolysaccharide. This study was 

http://www.njps.physiologicalsociety.com/
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designed to investigate the impact of Kol-v on 

lipopolysaccharide-induced cognitive decline and oxidative 

stress in Wistar rat. 
 

Plate 1:  

Garcinia kola in its Pod (bitter kola, a family of Guttiferae) from 

Ife (Adebimpe-John E.O Original 2014) 

 

MATERIALS AND METHODS 
 

Extraction of Kolaviron: Kolaviron was extracted from the 

seeds of Garcinia kola using a widely reported protocol 

(Iwu 1985) and earlier described (Onasanwo et al., 2016). 

Briefly, Garcinia kola nuts were purchased from local 

market in Ile-Ife, Nigeria. The seeds were peeled and air-

dried in the laboratory. 8.2kg air dried seeds were ground 

into powdered form. The powdered seeds were extracted 

with n-hexane, in a soxhlet extractor. The de- fatted; dried 

mass was repacked and then extracted with methanol in a 

soxhlet extractor. The extract was concentrated and was 

diluted to twice its volume in distilled water and partitioned 

with chloroform. The concentrated chloroform fraction gave 

a yellow-brown solid known as Kolaviron, which was 

allowed to dry in oven (40˚C), and ground to powdered 

form. Kolaviron was suspended in corn oil for in vivo 

experiments. The rationale for the doses of Kolaviron used 

was in relation to the least intake of 3 seeds of the raw 

consumption of Garcinia kola daily. In comparison, all 

doses of the extracts used in this study were expressed in 

terms of the dried sample. 

 

Animals: Wistar rats (225–250g) were used in these 

experiments, and were acclimatized for two weeks. After 

acclimatization of two weeks the animals were randomly 

divided into six study groups of (6) rats per group. The 

animals were fed with standard rat pellet, and were given 

water liberally. Animals were housed in clean plastic cages 

under natural light and dark cycle, and at room temperature. 

The negative control group received corn-oil only, positive 

control group were induced with LPS and received nothing, 

while other groups were treated with varying concentration 

of Kolaviron (50mg/kg, 100mg/kg, 200mg/kg) and Sulindac 

sulfide 100ug/kg respectively.  Animals were taken care of 

according to the rules and guidelines of the National 

Institute of Health (NIH) for laboratory animal care and use. 

The proposal and use was approved by the University of 

Ibadan Animal Ethics Review Committee (Number 

UI-ACUREC/17/0024). 

 

Body temperature: Four days prior to the experiment, the 

rat’s temperature was taken at days 1, 3, 5, 7 and four hours 

after injection of either LPS or saline and on days 9 and 11 

before sacrificing them. Body temperature was recorded 

using a rectal digital thermometer probe (WPI, Sarasota FL) 

at the same time each day (8:00 -9:00 hours) to minimize 

variation due to circadian rhythm 

 

Behavioral test (Morris Water Maze Model): The Morris 

water maze test is used to assess spatial memory and non-

spatial discrimination learning, and was conducted as 

described by (Morris, 1984). Rats were administered 

50mg/kg, 100mg/kg and 200mg/kg Kol-v followed by LPS 

(250 µg/kg; i.p.) for 7 days. Animals in the vehicle control 

group received corn oil, while animals in the LPS control 

group did not receive any treatment. On the 4th day of 

treatment, learning and memory were evaluated using the 

Morris water maze test. The water maze consisted of a 

circular pool of water (150 cm in diameter) with a circular 

platform of 10 cm diameter and 1 cm below the water 

surface. The animals had two acquisition trials per day for 

3 days during which they were placed in water and expected 

to find the hidden escape platform. This was taken as a 

measure of learning ability of the rats. On the last day, the 

platform was removed and the length of time the rats spent 

in the quadrant and distance travelled before getting to the 

region of the platform was recorded. 

 

Preparation of Brain Tissues for Biochemical Assays: 

The animals were sacrificed firmly through cervical 

dislocation and the brains were immediately removed while 

the animal was still alive, washed in potassium chloride 

buffer and left at 4C for 30 min. Thereafter, the whole brain 

was weighed and blotted with 10 % w/v phosphate buffer 

(0.1 M, pH 7.4), followed by homogenization to obtain the 

post mitochondrial fraction. Protein concentrations of 

various samples were determined using the Lowry method 

(Lowry et al., 1951) using bovine serum albumin as a 

standard. A breakdown product of lipid peroxidation 

thiobarbituric acid reactive substances (TBARS) was 

assayed as malondialdehyde (MDA) and measured 

according to the method of (Beuge et al., 1978). The 

concentration of the reduced glutathione (GSH) in the brain 

post mitochondrial supernatant was estimated using the 

method of (Jollow et al.,1974) and the levels of total SOD 

activity in the tissues were determined by the method of 

(Misra et al.,1972).  Nitric oxide level was determined using 

the Griess method (Griess et al.,1879) while the catalase 

activity was determined by the method of Clairborne 

(Clairborne., 1995). 

 

Statistical Analysis: Data are presented as mean ± S.E.M. 

Statistical analysis was done using one-way analysis of 

variance (ANOVA) test, followed by Student Newman-

Keuls test for multiple comparisons. The level of significant 

difference between the groups was evaluated at p< 0.05. All 

statistical analyses were performed using GraphPad Prism 

8.0 software (GraphPad Software, Inc., San Diego, CA). 

 

RESULTS 
 

Effects of Kolaviron on lipopolysaccharide-induced 

changes in body weight: The weight changes of animals 
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were monitored during the seven days of pre-treatment and 

post-treatment with fourteen days of pre-post treatment. At 

the beginning of the treatment, a significant weight loss that 

is reflected by the LPS injection was observed in all the 

groups (Figure 1a, b and c) however, the animals seemed to 

have recovered from the LPS treatment and showed weight 

gain with the vehicle treated animals. Kolaviron at the 

higher dose (200mg/kg) showed an increased weight with 

the vehicle animals, supplementation with Kolaviron 

restored the relative body weight.  

 

Effects of Kolaviron on lipopolysaccharide-induced 

changes in the body temperature: There was a marked 

drop in temperature at day 1and at day 7, four hours after 

LPS injection (Fig 1d,e and f), it showed  that  the  LPS  

treatment  induced  a  significant  reduction  of  body 

temperature after the first dose of  LPS On  subsequent  

treatment, there was a significant increase in the body 

temperature after few days of LPS induction p value < 

0.0045(A), the  animals showed  a  difference  in  their  core  

body  temperature  compared  to  the  vehicle group. 

However, the result was significantly different at p < 

0.0001. 

 

Effects of Kolaviron on learning and memory tasks in 

rats: The results of the acquisition training (Figure2a, 3a, 4a 

and 2b, 3b, 4b; invisible platform trial) of six trials (two 

times per day) for 3 days to measure the escape latency and 

path-length showed a gradual reduction in percentage time 

along the days between the groups during the training trial.

 

 

Figure 1:  
Effects of Kol-v on single dose of LPS (250µg/kg on the body weight and core body temperature (a)Pre-treatment (b) Post-treatment and 

(c) Pre-Post-treatment. Following treatment with Kol-v (50mg/kg, 100mg/kg and 200mg/kg) for 7days and 14 days.  Each value is mean 

± S.EM. *Significantly different from vehicle (negative control group). Significance was verified with one-way ANOVA test, followed 

by Student Newman-Keuls (SNK) test for multiple comparisons. P < 0.001; N = 6 
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The results were averaged across two trials per day for 

3days. The results of the probe trial (Figure 2c, 3c, 4c; non-

visible platform trial) LPS treated group (positive control) 

showed an increase in time to locate the platform when 

compared to other groups that has been pre-treated with 

Sulindac sulfide (100µg/kg,) and Kol-v (50mg/kg, 

100mg/kg and 200mg/kg) they took a shorter time to locate 

the platform along the experimental days. The LPS-treated 

rat travelled a longer distance to reach the platform while 

the other groups travelled a relative short distance to reach 

the platform (Figure2d, 3d, 4d).The number of time they 

entered into the quadrant (quadrant time) was reduced in the 

LPS group compared to other groups with higher frequency 

of entering the quadrant. The effect Kol-v was seen to be 

effective at 100mg/kg for Pre-treatment, 50mg/kg for Post-

treatment and 200mg/kg for Pre-Post treatment (Figure 2e, 

3e, 4e).It is considered that these differences between the 

groups reflected the differences in timing of cognitive 

decline. 

 

 

Figure 2:  

Effects of Kol-v on single dose of LPS (250µg/kg)-induced neuro-

inflammation on cognition and memory.  Following pre-treatment with 

Kol-v (50mg/kg, 100mg/kg and 200mg/kg) for 7days. Memory 

function was determined by the escape latencies A and C sec), distance 

(B and D cm) and Quadrant time (E,) for 3 days at 4 hour (designated 1 

day) after administration of LPS. Data are presented as the mean ± S.D. 

p value < 0.0001(n = 6 to 6 groups). Statistical analyses were performed 

by one-way ANOVA test, followed by Student Newman-Keuls (SNK) 

test for multiple comparisons. *p versus positive control group (the 

LPS-stimulated group). 
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Effects of Kolaviron on the MDA Level in cognitive 

decline induced by LPS: The effect of pre-treatment, post-

treatment and pre-post treatment with varying concentration 

of Kol-v (50mg/kg, 100mg/kg, 200mg/kg) and Sulindac 

sulfide (100μg/kg, orally) on the MDA level was examined 

as shown in (Figure 5a, b and c). 

 

Effects of Kolaviron on the GSH Level in cognitive 

decline induced by LPS: We examined the effect of pre-

post treatment with varying concentration of Kol-v 

(50mg/kg, 100mg/kg, 200mg/kg) and Sulindac sulfide 

(100μg/kg, orally) on the GSH level. As shown in (Figure 

6a, b and c). 

 

 

 

 

Figure 3:  
Effects of Kol-v on single dose of LPS (250µg/kg)-induced neuro-

inflammation on cognition and memory.  Following post-treatment with Kol-v 

(50mg/kg, 100mg/kg and 200mg/kg) for 7days.Memory function was 
determined by the escape latencies a and c sec), distance (b and d cm) and 

Quadrant time (e,) for 3 days at 4 hr (designated 1 day)after administration 

ofLPS.Data are presented as the mean ± S.D. p value < 0.0001(n = 6 to 6 
groups). Statistical analyses were performed by one-way ANOVA test, 

followed by Student Newman-Keuls (SNK) test for multiple comparisons. * p 

versus positive control group (the LPS-stimulated group). 
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Figure 4:  

Effects of Kol-v on single dose of LPS 

(250µg/kg)-induced cognitive decline on 
cognition and memory.  Following Post-

treatment with Kol-v (50mg/kg, 100mg/kg and 

200mg/kg) for 7days. Memory function was 
determined by the escape latencies (a and c in 

secs), distance (b and d in cm) and Quadrant 

time (e,) for 3days at 4hr (designated 1day) 
after administration of LPS. ) with more 

significant at Kol-v 200mg/kg for Pre-Post-

treatment Data are presented as the mean ± 
SEM. P< 0.0001; N = 6. *p versus positive 

control group.(the LPS-stimulated group) 
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Figure 5:  

Effects of Kol-v on single dose of LPS (250µg/kg)-induced cognitive decline on MDA analysis .This result shows the lipid peroxide levels were high in the 
case of negative control animals (LPS group) which were significantly lowered during the administration of varying concentration of Kolaviron especially 

at 100mg/kg for Pre-treatment, 50mg/kg for Post-treatment and 200mg/kg for Pre-Post treatment. *p versus positive control group (the LPS-stimulated 

group) #p versus negative group (the Vehicle Corn oil only), αp versus 100mg/kg Kol-v. Values are mean ± SEM P< 0.0001; N = 6. 

 

 
Figure 6:  
Effects of Kol-v on single dose of LPS (250µg/kg)-induced cognitive decline on GSH level. This results shows that cognitive decline was stimulated by a 

significant reduction in the level of the reduced glutathione in the case of negative control animals (LPS group) which were significantly increased by the 

administration of pre-treatment with Kol-v especially at 100mg/kg for Pre-treatment,50mg/kg for Post-treatment and 200mg/kg for Pre-Post treatment. *p 
versus positive control group (the LPS-stimulated group) #p versus negative group (the Vehicle Corn oil only), αp versus 50mg/kg,100mg/kg and 200mg/kg 

Kol-v respectively. Values are mean ± SEM P< 0.0001; N = 6. 

 

 
Figure 7:  

Effects of Kol-v on single dose of LPS (250µg/kg)-induced cognitive decline on SOD analysis This result shows the SOD level was low in the case of 
negative control animals (LPS group) which were significantly increased after post-treatment with Kol-v especially at 100mg/kg for Pre-treatment, 50mg/kg 

for Post-treatment and 200mg/kg for Pre-Post treatment*p versus positive control group (the LPS-stimulated group) #p versus negative group (the Vehicle 

Corn oil only), αp versus 100mg/kg Kol-v. Values are mean ± SEM P < 0.0001; N = 6. 
 

Effects of Kolaviron on the Nitric-oxide (NO) Level in 

cognitive decline induced by LPS: The interest in 

measuring Nitric-Oxide level in biological tissues and fluids 

remains strong as it is an inflammatory marker. As shown in 

(Figure 8a, b and c). 
 

Effects of Kolaviron on the Catalase (CAT) Level in 

cognitive decline induced by LPS: The catalase activity on 

the effect of treatment with varying concentration of 

Kolaviron (50mg/kg, 100mg/kg, 200mg/kg) and Sulindac 

sulfide (100μg/kg, orally) on cognitive decline induced by 

LPS was examined. As shown in (Figure 9a, b and c). 

 

DISCUSSION 
 

Intra-peritoneal lipopolysaccharide (LPS) treatment has 

been connected with cognitive deficits in rodents, and this 

has be observed in learning and memory tasks in the Morris 

water maze (Araiet al., 2001; Rosi et al. 2006S).  

 In this study, rats were administered with LPS 

(250 µg/kg) and were subsequently tested in the Morris 

water maze, the memory enhances effect and anti-

inflammatory properties of Kol-v, a defatted seed extract of 

Garcinia kola, was investigated. We have shown here that 

Kolaviron exhibited a high level of anti-oxidative properties 

and very strong anti-inflammatory activities when 

compared to a standard reference drug, Sulindac sulfide. 

Kol-v also been interlaced in the neuroprotective role 

against gamma-radiation-induced brain injury (Adaramoye, 

2010), 3-nitro- propionic and methamphetamine-induced 

neurotoxicity (Nwoha et al., 2007; Ijomone et al., 2012). 
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Figure 8:  

Effects of Kol-v on single dose of LPS (250µg/kg)-induced cognitive 

decline on NO2 analysis the level of the nitric oxide was high in the case of 
negative control animals (LPS group) which were significantly reduced by 

the administration of post-treatment with varying concentration of 

Kolaviron (50mg/kg, 100mg/kg and 200mg/kg) with more significant at 
Kol-v 100mg/kg for Pre-treatment, 50mg/kg for Post-treatment and 

200mg/kg for Pre-Post treatment. *p versus positive control group (the 

LPS-stimulated group) #p versus negative group (the Vehicle Corn oil 
only), αp versus 50mg/kg, 100mg/kg and 200mg/kg Kol-v respectively. 

Values are mean ± SEM P< 0.0001; N = 6. 

 

Learning and memory tasks was assessed in the test trial 

(acquisition training), while the long-term memory was 

assessed in probe trial (non-visible platform trial) In these 

experiments, Kol-v improved cognitive and learning 

processes, as shown by a decrease in escape latency in the 

Morris water maze during training and increase in time 

spent in quadrant during retrieval. The effect of  Kol-v was 

seen to be effective at 100mg/kg for pre-treatment, 50mg/kg 

for post-treatment and 200mg/kg for pre- and post-

treatment. As reported that probe trials may be more 

accurately described as extinction procedures (Takeda et al., 

2004; Lattal et al., 2003). 

 
Figure 9:  
Effects of Kol-v on single dose of LPS (250µg/kg)-induced cognitive 

decline on SOD analysis, the Catalase level was reduced in the LPS group 

which were significantly increased by the post-treatment with Kolaviron 
(50mg/kg, 100mg/kg and 200mg/kg) with more significant at Kol-v 

100mg/kg for Pre-treatment, 50mg/kg for Post-treatment and 200mg/kg for 

Pre-Post treatment. . *p versus positive control group (the LPS-stimulated 
group) #p versus negative group (the Vehicle Corn oil only), αp versus 

50mg/kg, 100mg/kg and 200mg/kg Kol-v respectively. Values are mean ± 

SEM P < 0.0001; N = 6 

 

 There was a marked drop in temperature four hours after 

LPS injection, this strong link aligns the fact that 

hypothermic animal have higher neurological deficits and 

cognitive decline. However the hypothermia observed in the 

present study may be considered as an adaptive 

thermoregulatory or a survival response to a systemic 

inflammation which is correlated with sepsis or stroke. 

These suggest that body temperature is a prognostic for 

cognitive decline such as Alzheimer’s and most 

neurological disease. Furthermore, LPS produced a marked 

reduction in body weight, noticeable at the first time point 

of 4 hours. The reduction in body weight is a sign of 
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inflammatory disease because LPS acts as the hypothalamic 

center for energy homeostasis (Cia et al., 2009). This effect 

is in agreement with previous reports, showing that 

relatively high doses of LPS induced weight loss (Kwang et 

al., 2013; Aubertet al., 2005; Lugariniet al., 2002; Plata-

Salaman et al., 1993). 

 The brain is particularly susceptible to oxidative stress, 

which is explained by its relatively low levels of 

antioxidants, high concentration of polyunsaturated fatty 

acids, along with an increased oxygen demand of the brain. 

Oxidative stress is considered as a baleful condition for 

normal brain functioning since the brain uses reactive 

species, which differ chemically for signal transmission. 

Oxidative stress has been thought to be one of the major 

processes in development of a wide range of diseases 

including Alzheimer's disease (Yirmiya et al., 2001; 

Christen et al., 2000) and neuro-degeneration in motor 

neuron diseases (Nunomura et al., 2006). Several 

antioxidant enzymes such as superoxide dismutase, 

catalase, glutathione peroxidase, glutathione reductase, and 

glutathione S-transferase protect DNA from oxidative 

stress. Antioxidants are also being investigated as possible 

treatments for neurodegenerative diseases such as 

Alzheimer's disease, Parkinson's disease, and amyotrophic 

lateral sclerosis (Khanet al., 2010; Di Matteoet al., 2003). 

The present results showed changes in biomarkers of 

oxidative damage, resulting in a higher oxidative imbalance 

when induced with LPS.  

 Higher levels of MDA was seen in the LPS group 

compared to Kol-v treated groups, which is a major product 

of the reactive species attack on polyunsaturated fatty acids, 

and is widely used as a biomarker of lipid peroxidation. It is 

one of the distinctive features of neuro-degeneration 

because the brain has high lipid content, after the adipose 

tissue, thus, elevated serum levels of lipid peroxidation 

products have been often reported in brain disorders. MDA 

is a reliable marker for determining oxidative stress in 

clinical situations and due to MDA’s high reactivity and 

toxicity; treatment with varying Kol-v, reduced the level of 

lipid peroxides indicating the effective anti-oxidative 

properties of Kol-v in the moderation of tissue damage in 

the LPS-stimulated rats at varying concentration. We 

observed that animals treated with varying concentration of 

Kol-v especially 100mg/kg for Pre-treatment, 50mg/kg for 

Post-treatment and 200mg/kg for Pre-Post treatment 

decreased the lipid peroxidation leading to an increase in 

GSH, since GSH plays a vital in the role of cellular oxidant 

defense and is indispensable to demobilize lipid 

peroxidation (Fulvio et al., 2020). 

 The antioxidant glutathione (GSH) is essential for the 

cellular detoxification of reactive oxygen species in brain 

cells. An impaired GSH system in the brain has been 

intertwine with the oxidative stress occurring in 

neurological diseases. Recent data demonstrate that besides 

intracellular functions GSH has also important extracellular 

functions in brain. The tripeptide glutathione and its related 

enzymes partake in conserving oxidant homeostasis in 

aerobic cells. Various biomolecules with redox dependent 

activity are postulated in the neuronal plasticity events that 

have a role in learning and memory functions. The up-keep 

of normal glutathione level is essential for acquisition, but 

not consolidation, of spatial memory. Glutathione 

unavailability leads to failures in hippocampal synaptic 

plasticity mechanisms, which are conceivably related to 

spatial memory deficit. After LPS administration, there was 

a decrease in glutathione level that was seen in the LPS-

untreated group and Kol-v treated group, this was reflected 

during the acquisition and probe trial. Cognitive decline 

have been considered to be an indicator of increased 

oxidative stress. Kolaviron was more significant at 

100mg/kg for Pre-treatment, 50mg/kg for Post-treatment 

and 200mg/kg for Pre-Post treatment in elevating the GSH 

level in the experimental rats. It was observed that there was 

increase in expression of this antioxidant enzyme in 

cognitive declined rats, which implies that Kol-v has a 

potential oxidative property for defense activated with the 

capability to generate detoxification through enhanced 

scavenging of oxy-radicals and GSH plays an important role 

in cognition and memory enhancement.  

 Catalase (CAT) is a heme  protein  which  catalyzes the  

reduction  of  hydrogen  peroxides  and protects  the  tissues  

from  hydroxyl  radicals. Catalase is one of the essential 

antioxidant enzymes that play a vital role by breaking down 

hydrogen peroxide and maintaining the cellular redox 

homeostasis. Catalase has a prime role in regulating the 

cellular level of hydrogen peroxide and its hydrogen 

peroxide catabolism protects the cells from oxidative assault 

(Habib et al., 2010). Catalase is a key enzyme which uses 

hydrogen peroxide, a non-radical ROS, as its substrate. This 

enzyme is responsible for negating by decomposing 

hydrogen peroxide, to maintain an optimum level of the 

molecule in the cell which is also essential for cellular 

signaling processes. A deficiency in CAT has been 

associated with many diseases such as diabetes mellitus, 

cardiovascular diseases, hypertension, anemia, Alzheimer’s 

disease, bipolar disorder, and schizophrenia (Al-Abrash et 

al., 2000). Catalase enzyme was implicated in mutagenesis 

and inflammation conditions as well as during the 

suppression which are all known to be associated with 

oxidative stress conditions. There was decrease in the CAT 

level after LPS injection which we observed during the 

learning and memory tasks affecting cognition as CAT is 

known to play an important role in learning and tolerance to 

oxidative stress as an adaptive response. There is a closed 

link between catalase metabolism and oxidant homeostasis, 

which is expressed during the catalytic decomposition of 

hydrogen peroxide H202 to water and oxygen which is 

formed as a by-product of numerous oxidases and SOD 

reactions.  

 Superoxide Dismutase (SOD) is the only antioxidant 

enzyme that salvages the superoxide anion by converting 

this free radical to oxygen and hydrogen peroxide, thus 

preventing peroxynitrite production and further damage. 

Free radicals are strongly associated with many pathological 

processes in the body. Due to this scavenging ability, SOD 

has acquired significant attention for therapeutic use. 

Superoxide dismutase is extensively researched, and used in 

anti-inflammatory, antitumor, radiation protection, and 

antisenility applications (Luisa et al., 2002). The 

physiological importance of SOD is illustrated by the severe 

pathologies evident in mice genetically engineered to lack 

these enzymes (Lob et al., 2002). Mice lacking SOD die 

several days after birth, amid massive oxidative stress 

(Seguí et al., 2004). Treatment with Kol-v with more 

significant at 100mg/kg for Pre-treatment, 50mg/kg for 

Post-treatment and 200mg/kg for Pre-Post treatment 
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significantly reduced the metabolism of oxidative stress  by 

increasing SOD and CAT level in the LPS induced rats 

treated with Kol-v.  

 Nitric oxide signaling in the brain has been reported to 

regulate different processes (long-term potentiation and 

depression, LTP and LTD) controlling rhythmic activity, 

involvement in learning and memory mechanisms through 

mediation of specific forms of LTP in the cerebellum 

(Jacoby et al., 2001), hippocampus (Garthwaite et al., 2008) 

and neo-cortex, and LTD in the cerebellum. These findings 

provide strong support to the concept that NO plays a vital 

role in both learning process and memory of the learnt task 

(Choopani et al., 2008). Since NO is known to relax blood 

vessels and to increase blood supply to the brain, we 

accessed the action of NO role in inducing neuronal activity. 

In this study, a decrease in NO synthesis following an 

inhibition of NOS activity after LPS injection resulted in 

vasoconstriction and a decrease in perfusion into the brain. 

The sympathetic nervous system initially responds to 

hypothermia by triggering peripheral vasoconstriction, 

hypertension, tachycardia, and increased cardiac output, 

justifying the reduction in body temperature after LPS 

injection when we accessed it. This effect of NOS inhibitors 

can be proposed for an impairment of learning and memory 

processes in animals. We established evidence for the 

involvement of NO in learning and memory processes, the 

experimental findings demonstrated synthesis of NO and the 

neuronal action of NO during the period when the animals 

were trained to learn, and then to remember during the probe 

trial in the Morris Water Maze. The cognitive effects of LPS 

increased NO concentration while Kol-v was able to 

ameliorate its effects by decreasing NO concentration. This 

is because an increased synthesis of NO has been found to 

produce neurotoxicity due to accumulation of its toxic 

metabolite, peroxynitrite which can be a further source of 

hydroxyl radicals (Massaad 2011). These findings provide 

strong support to the concept that NO plays a vital role in 

both learning process and memory of the learnt task; which 

indicates the anti-inflammatory properties of Kol-v as 

earlier suggested (Olaleye et al., 2010). 

 In conclusion, we can establish a relationship between 

the progress of cognitive decline and increased oxidative 

stress with lipopolysaccharide. Kolaviron showed 

significant anti-inflammatory potentials through its 

protection against cognitive decline and oxidative 

properties, induced by lipopolysaccharide in the laboratory 

Wistar rat. Also, Kolaviron showed protection against 

oxidative stress in the laboratory Wistar rat.   
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